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Introduction

 The LHC

- will uncover the mechanism for electroweak symmetry
breaking

 Higgs boson searches, WW scattering
- might explain the dark matter in the universe
« Supersymmetry (SUSY) searches

- might explain why the electroweak scale is so much
smaller than the Planck scale

« Extra Dimensions and SUSY searches
- might reveal something unexpected
* generic searches
« LBNL group is involved in aspects of all of these
— Most results based on 1-5 fb-! of 2011 data
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Diboson Production ceeeeed]
—

* Diboson production intimately linked with
electroweak symmetry breaking

* cross section measurements fundamental test of SM
* probe trilinear gauge boson couplings (TGC’s)
* searches for resonant production

Terms which grow

A~ q with energy cancel
“ for E == My
wow

w A~ -0 E_ This cancellation
M, s requires M;; < 800 GeV
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° Hsu, L toff, Shapi A
WZ Production su Loscutoff, Shapiro  ycceed "

e event selection | Phys. Lett. B709 (2012)341-357 | -
-3 high p; leptons (e or )
*I*I- pair consistent with m, o w
-EMiss>25 GeV [ ><
* main backgrounds 3 Tws g
-WiZ+jets, ZZ, top 2 soff Lat= 102! \sTTeV 3T E
process ___|events AN, CE A
events Lﬁ 30 :— & GstZt +syst —:
background 12.1 ' <+ 1
WZ 50.3 “F + E
Total SM 62.4 10;— 7
Data 71 76 75 80 8 90 95 100 105 -
Yy M, [GeV]
tot . +
oWy = 20.5154(stat. )t \ 5 (syst. )t o, 8(luml ) pb.
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- Hsu A
ZZ Production fm i

| Phys. Rev. Lett. 108 (2012) 041804 |
[ § LU | LI T T T

‘Event selection > T e SRR
© Z7
-4 high p; leptons (e or ) 8 ° [Lo-roen . -
-2 I'l pairs consistent with m, g e s
.Main backgrounds w 45_ O.3i0.3(stat)tg;(syst)_;
-Fake T E
2= off: -
process ____levents N |
background 0.3%05 . 3 -
ZZ 8.9+0.3 foo 200 300 400 500 600 700
M, [GeV]
Data 12

ot = 8.5 (stat.) tg:‘; (syst.) £0.3 (lumi.) pb.‘
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Trilinear Gauge Couplings reece
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 WZ analysis on full 2011 dataset also nearly final

-Much improved constraints due to usage of differential
distribution
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WZ Resonance Search

Hsu, Loscutoff, Shapiro ‘T'}| ‘,ﬁ
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* W’ or p; decaying to WZ
* m(W2Z)
g :’*‘/‘I T T I L I L I L I T 1 1771 I T 1 T 1 I T 1 171 I T 1 7T |_
— %, ,
= - ", ATLAS 4% o(pp > W > W2) -
2 B ’&‘/r, —  Expected Limit
o 10 ’:""‘/y” I Expected+ 1o B
k& Expected + 26 §
“ —e— Observed limit ]
’/,‘/‘/y’ _
- 4, \'s= 7 TeV .
/,:‘/‘
1 :_ &7/’//‘/‘
B 4
: J‘ I_dt = 1 02 fb y,,///‘/‘ :
| | | | | P
200 300 400 500 600 700 800 900 1000

my, [GeV]

Events / 20 GeV

10°E
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107"

T
- . data 2011
FATLAS \s=7TeV Iwz
B 7z

1017
J Ldt = 1.02 0" — |1

[JW'(350 GeV)
CJW’(500 GeV)
[JW'(750 GeV)
[ pT(SOO GeV)

stat @ syst

T T
Lol

T IIIIIII
| III]II|

; . "" 41 4. Lol
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m¥Z [GeV]

| arxiv: 1204.1648 (acc. by PRD) |

‘M(W’)>760 GeV at 95% CL
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LAWRENCE BERKELEY NATIONAL LABORATORY 7



~

Hsu | A
ZZ Resonance Search receee?]
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» combine 4-lepton search with lljj search

-Dilepton and dijet masses required to be consistent with
m(Z)

| Phys. Lett. B712 (2012) 331-350 |

> T T | T T T I T T T T T T T T T ] T T T | T T T ] T T T ; 5 '
8 "L ATLAS -eData : 10° = ATLAS
Q [(JZ/y*+jets " 10t
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wl ¢ L |
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S0 N i | o L ey
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* ho resonance observed => constraints on
Randall-Sundrum graviton decaying to ZZ
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Inner Detector Alignment

Hsu, Skinnari
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* mass resolution significantly improved due to
alignment carried out in summer 2011

-fixed “weak mode” misalignments in endcaps
—-Data resolution now consistent with simulation

- T T | T T T T ] T T T T | T T T T | T T T T ] T T T L
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see poster
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Higqgs Production at the LHC coccect] i
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t LHC Higgs Cross Section Working Group
g HO ! ! ! ! I ! ! ! ] g
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WNZZ AmIonSSS « Cross section uncertainties typically 15%
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Cross Section x Branching Ratio
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*High mass region:
-WW and ZZ most
important

‘Low mass region:
-ZZ->4 leptons
Y
—TT
-WW->Ivlv
—-bb (only WH and ZH)

o x BR (pb)

A
|||‘

LHC HIGGS XS WG 2011

Frrererrnrnr
10 g ' ' E
- \s="7TeV -
e WW — Fvgg 3
‘ WW = VIV
10°'E \, N
.' ZZ — I'qq
1 O‘2 ‘\ 77 = IV
al 77 — 1 )
10 l—e.
FWH — Fvbb V =VV, Vs
ZH — I'lbb q= udscb
-4 !
10700 200 300 400 500

Higgs boson mass (GeV/c?)
LBNL involvement up to now: WW, 1t

(very recently also ZZ)
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Clarke,Biesiada,

Higgs -> Tt Search ceccee?] o
Pranko, Varouchas
« 3 analysis channels ey Ve v,
0T Ty TyTh b HY D
* mass reconstruction _ 4
-Use “MMC” method n37< v,
by Pranko et al. o i e
-Improvement compared 5 o opad e, 115G
to traditional “collinear S ] Fonesr Rpprermeten
approximation” < 600
. 500F
* main backgrounds a00f
300F
-Z->11 200F
_W.|.jet 1002
%

.jet misidentified as 1 M. (GeVich

Elagin, Murat, Pranko, Safonov
Nucl. Inst. Methods A654 (2011) 481-489.

I
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Ditau Mass Distribution ~ ClarkeBiesiada, ..

Pranko, Varouchas ,\

[ ATLAS-CONF-2012-014
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FTT T T T = > I~ -
g) 1200 ! Hetjet ' - 8 455— Tpag + UT, H+2 -jet VBF E
o : —e— Data i & 40¢ —+ DataH( ) E
1000 @~ @ 10 x H(120 _ — N W— 5x H(120)>1t ]
2 - (0559 ] g 35 B 771 (0559
G 800 i Others (OS-SS) 1 2 30 & Others (0S-SS) - 3
T i [T Wajets (OS-SS) L : (T W-+jets (OS-SS) E
i Same Sign i 251 . Same Sign =
600+ 72/ Bkg. uncert. | - 777, BKg. uncert. -
I J Ldt=47f" ] 20p J Ldt=47f" =
400 \s =7 TeV ] 15 Ji 0 de=7Tev 3
: ATLAS Preliminary | 106 5 ATLAS Prellmlnary_f
200:_ _: ic‘;'} o ‘ J.-/’.‘ _E
i | i - e ( ~ ]
0_ i ‘ : 3 .‘A 0’7//1 o l SO0 el Vvl & l ;9297 29 20 Lot { .
550 300 0 50 100 150 200 250 300 350 400

0 50 100 150 200 250 300 350 400

MMC mass m,, i(eV] MMC mass m,, [GeV]
» data agree with background expectation

 sensitive to 5 times the SM Higgs rate in thtl mode
-Other modes have similar sensitivity
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Higgs->tt Cross Section Limits /\I i
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% 25 l | T T T T | T T T T T T T T | T T T T l T T T T | l b% : E'xp' v Ob's' v v v T T T T T T Elxp' T olbs'l E
\8 I How ATLAS Preliminary | B E e o (&-gfg_) T H gvi—ﬁ“lvat‘as('tz)fb") E
S oo e ObservedCL, y s t S R S tzadri S
= - —— Expected CL Ldt= 4.7 fb = o
é - P s E 1 0 - j L dt ~ 4.6-4.9 fb , \s=7 TeV —
3 15: [ Jtoc /s < 7 TeV ] 8 = E

[ - i 1 —] | -]
S I ’ I S -
101 1E =
S o ’ |
i 10" ATLAS 2011 Preliminary CLslimits  —
) R A 100 200 300 400 500 600
100 110
my [GeV]

m,, [GeV]
* Not yet sensitive to SM Higgs rate

-Many improvements on the way for 2012 data analysis

* Observation critical to establish “if it is the Higgs”
-Probes directly the coupling to fermions
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Luminosity

Heinemann, Pagan Griso, cereeer ‘...

Shapiro, Tibbets, Tompkins, Yu

work in progress

Luminosity measurement

o Uncertainty Source 0L/ L
critical for all ATLAS analyses 2010 2011
Bunch Charge Product 3.1% 0.54%

—-Cross section measurements Other vdM
. Calibration Uncertainties 1.3% 1.43%
-Searches for new physics

Afterglow Correction 0.20%

BCM Stability 0.25%

ARERS RERR) LAERY A[TLASI P II'I ARS RERES RLER® Long-Term Consistency 0.5% 0.70%
relimina . / /

Date 2011 - e 7 T E u Dependence 0.5% 0.50%

LHC Fill 2086 - Pile-up Scan 1 Total 3.4% 1.78%

s BCMV_EventAND = BCMH_EventOR

e BCMH_EventAND = LUCID_EventOR
LUCID_EventAND FCal

® Tile " Vertex

* preliminary uncertainty
for 2011: 1.8%

-Smallest uncertainty
ever achieved at hadron
collider!

6
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3
2

o
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S

_ 0
<“>a|goritnm/ <H>5cmv Eventor 1[%]
[

_IIIIIII_&I:II,!IIIJII'IIIIIII_LI_]IIII'IIII_

0
<u>
BCMV_EventOR

I L
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Dube. Hinchliffe
Black Hole Search ube, Hinchliffe ey

A
‘ml

scale M a few TeV
- microscopic black holes
could be produced

*Black holes evaporate

via Hawking radiation
-High multiplicity

Select events with 2 like-

sign muons + 8 tracks
with p:>10 GeV see poster

LAWRENCE BERKELEY NATIONAL LABORATORY 16

« Extra dimension models | Phys. Lett. B 709 (2012) 322-340 |
present SO|Uti0n tO 3 """"'""'""'""'_'.:'D';t;\"s':'?'T'ev-'-:
hierarchy problem - = :

- fundamental Planck Egb‘*"ﬁ"vw‘ _
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Be”'lngel’; HMVWZIZ, Yu freeeee ‘Iﬁ

Vertexmg & BeamSPOt Loscutoff, Pagan Griso

’é‘ 0.05 EI llllllllllllllll 3 /é\ 005: T T T T ]
£ 0.045 = Beam Spot Size o, ATLAS for approval—; £ 0.045 i_ Beam Spot Size o, ATLAS for approval—z £ E ATLAS Preliminary ~ —— Dea 2011, Random Trigoer E
g’ 0.04F- Fills 1645 - 2266 3 & 0.04E Fills 2471 - 2686 3 : & ——— Winimum Bias MC 9
8 £ Mar 2011 - Oct 2011 3 o E Apr 2012 - May 2012 3 i . 1
o 0035 i’ 3 5 oo0ssE P y = .
= } :_ _: @ E E E -, =
g %% 1 £°%E20 2012 E T E
E 0.025F 3 £ o002sE Mm E M
- = Ght=n mn = = = = = - g -_:_ wﬁ ---------------- = N L _
0.015¢ 3 o.o15§—#~ u ‘ .Hm.l—i O
0.01E- 20 1 1 E 0.01F E ]
0.005 5_ _; 0.005 f— 3 s, rwnm -
llllllllllllllllllllllllll F
0 = ! 1 ! L : 5 10 15 20 25 30 35 40 45 50
Mar 26 Apr25 May 25 Jun 24 Jul 24 Aug 23 Sep 22 Oct 22 Apr 12 Apr 26 May 10 May 24 Numbor of rache
Time (CET) Time (CET)

 beamspot determination integrated in TierQ
processing since 2010

-Likelihood extracts positions, widths and correlations
-Provides important constraint for primary vertexing

* Vertex resolution, efficiency and fake rate
understanding important at high pileup

-Data are well modeled by simulation

L
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More Search Analyses in progress.. /\I |

Arguin, Heinemann, Hurwitz, Skinnari
« Anomalous production of like-sign dlfeptons

-Extension of yu analysis including ee and eu (2011 data)

« Search for gluinos decaying via top quarks
- signature: like-sign leptons and b-jets (2011 data)

* Multi-lepton search Copic, Dube, Hance, Heinemann, Hinchliffe
- focus of LBNL group is tau-leptons (2011+2012)
e H->WW search Galtieri, Pagan Griso, Quayle

-Lowering the subleading lepton p; (important for 125
Higgs): 2011+ 2012 data

- WW scattering Heinemann, Pagan Griso, Sood
-In like-sign WW channel: 2011+2012 data

* Most of analyses mentioned before are being refined and
updated with 2012 data
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Conclusions and Outlook cocceed)
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* Broad range of searches carried out by LBNL
-see also talks by A. Bach and L. Skinnari
-No sign of new physics in 2011 data
-Higgs boson search has entered a very exciting phase

» 2012 data analysis has started
—-Already recorded >6 fb-' of 8 TeV data

 Many important technical contributions benefit
many physics analyses

-alignment, luminosity, vertexing and beamspot
measurements
«achieved 1.8% precision on luminosity measurement!

 Hope to make at least one discovery in 2012 data
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